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Clinical PerspectiveWhat Is New?We found significant associations between multiple measures of smoking behavior and abnormal markers of inflammation and atherosclerosis including high‐sensitivity C‐reactive protein, carotid intima--media thickness, ankle‐brachial index, and coronary artery calcium.Results were consistently significant for the association between secondhand smoking and higher high‐sensitivity C‐reactive protein levels.Consistent with prior studies, high‐sensitivity C‐reactive protein may be a sensitive marker of cardiovascular injury associated with tobacco exposure.What Are the Clinical Implications?The US Food and Drug Administration\'s new tobacco "Deeming Rule" mandates regulation of all novel tobacco products and performance of research on their safety.These studied markers of inflammation and atherosclerosis can be used for the further study and regulation of traditional and novel tobacco products.

Introduction {#jah32318-sec-0008}
============

Tobacco smoking, including secondhand exposure, is a leading cause of death and disability in the world.[1](#jah32318-bib-0001){ref-type="ref"}, [2](#jah32318-bib-0002){ref-type="ref"} Annually, ≈6.2 million deaths worldwide and 200 000 deaths per year in Brazil have been attributed to smoking,[2](#jah32318-bib-0002){ref-type="ref"}, [3](#jah32318-bib-0003){ref-type="ref"} with almost one third of coronary heart disease deaths reported to be caused by smoking. Although the rates of smoking have declined since the 1990s, ≈12.5% to 15.5% of the Brazilian population were current smokers in 2012, comparable to the 15% to 16.5% smoking prevalence in the United States for the same year.[4](#jah32318-bib-0004){ref-type="ref"}

Deaths due to smoking‐related cardiovascular disease (CVD) are generally preceded by subclinical cardiovascular injury that may be detected early in the disease process. Interest is rising in finding biomarkers of CVD‐related injury in asymptomatic persons,[5](#jah32318-bib-0005){ref-type="ref"}, [6](#jah32318-bib-0006){ref-type="ref"}, [7](#jah32318-bib-0007){ref-type="ref"}, [8](#jah32318-bib-0008){ref-type="ref"}, [9](#jah32318-bib-0009){ref-type="ref"}, [10](#jah32318-bib-0010){ref-type="ref"}, [11](#jah32318-bib-0011){ref-type="ref"}, [12](#jah32318-bib-0012){ref-type="ref"}, [13](#jah32318-bib-0013){ref-type="ref"}, [14](#jah32318-bib-0014){ref-type="ref"}, [15](#jah32318-bib-0015){ref-type="ref"}, [16](#jah32318-bib-0016){ref-type="ref"}, [17](#jah32318-bib-0017){ref-type="ref"}, [18](#jah32318-bib-0018){ref-type="ref"}, [19](#jah32318-bib-0019){ref-type="ref"}, [20](#jah32318-bib-0020){ref-type="ref"}, [21](#jah32318-bib-0021){ref-type="ref"} and there is a need to identify sensitive biomarkers of smoking‐related early subclinical cardiovascular damage. Such biomarkers may assist in risk identification and stratification among smokers. In addition, such biomarkers could help regulatory agencies identify and quantify potential cardiovascular health hazards of exposure to novel tobacco products, such as e‐cigarettes, years before data on CVD events would be available due to the long latency between tobacco exposure and clinically evident CVD.[22](#jah32318-bib-0022){ref-type="ref"}

Recent findings from MESA (Multi‐Ethnic Study of Atherosclerosis) in the United States demonstrated that tobacco smoking is associated with early markers of cardiovascular injury, with current smokers having higher levels of high‐sensitivity C‐reactive protein (hsCRP), carotid intima--media thickness (cIMT) and lower coronary artery calcium (CAC) score and ankle‐brachial index (ABI) compared with former smokers.[23](#jah32318-bib-0023){ref-type="ref"}, [24](#jah32318-bib-0024){ref-type="ref"} These findings require validation in a large, independent, multiethnic cohort. In addition, little is known about these associations in Latin American and Caribbean populations such as that of Brazil.[25](#jah32318-bib-0025){ref-type="ref"}

The present study aimed to examine the associations between cigarette smoking and inflammation and subclinical atherosclerosis in ELSA‐Brasil (Brazilian Longitudinal Study of Adult Health). We hypothesized that cigarette smoking, as assessed by status (current or former), burden (pack‐years), time since quitting, and intensity of smoking (cigarettes per day), is associated with inflammation and subclinical atherosclerosis.

Methods {#jah32318-sec-0009}
=======

ELSA‐Brasil is a multicenter prospective cohort study enrolling 15 105 civil servants aged 35 to 74 years (54% women) from 6 cities of Brazil (Belo Horizonte, Porto Alegre, Rio de Janeiro, Salvador, São Paulo, and Vitoria). The objective of ELSA‐Brasil is to determine the role of individual and environmental risk factors in predicting future CVD events and diabetes mellitus. The study design, methods, and recruitment of participants have been described previously.[26](#jah32318-bib-0026){ref-type="ref"} The study protocol was approved at all 6 centers of Brazil by their respective institutional review boards, and written informed consent was obtained from all participants.

Briefly, the participants were active or retired employees aged 35 to 74 years. The first (baseline) examination was conducted during 2008--2010, and data were collected through interviews and examinations at participants\' job sites and study clinics. Race was defined by participants\' self‐declared skin color or race, which included white, brown, black, Asian, and indigenous. Brown race was considered an ethnic mixture of white, black, and, to a lesser extent, indigenous ancestry.

Of 15 105 participants who were enrolled after baseline examination in the cohort and had available data regarding smoking, inflammation, and subclinical atherosclerosis, we excluded 1002 participants who had prevalent diseases including self‐reported medical diagnosis of myocardial infarction, congestive heart failure, stroke, and coronary revascularization (coronary artery bypass grafting or percutaneous coronary intervention). Our final analytic sample included 14 103 participants free of known CVD.

Ascertainment of Smoking Exposure {#jah32318-sec-0010}
---------------------------------

Smoking habits were ascertained during a phase 1 interview through self‐report including both past and current cigarette smoking habits. The primary smoking variables were smoking status (never, former, current), smoking burden (pack‐years of smoking), time since quitting (among former smokers), and smoking intensity (number of cigarettes smoked per day among current smokers). *Never smoking* status was defined as lifetime consumption of \<100 cigarettes. Former smokers were participants with past history of smoking who had not smoked cigarettes within the previous 30 days. Current smoking was defined as consumption of cigarettes within the previous 30 days. Ever smokers included both former and current smokers. Pack‐years of smoking were defined as the average number of packs of cigarettes smoked per day multiplied by the duration of smoking in years. Time since quitting among former smokers was calculated by the difference in current age and age when quitting smoking. We created a multilevel variable ranging from 0 to 3 if participants reported *no* (0) or *yes* in 1, 2, or all 3 variables of secondhand smoke exposure at home, transportation, or work.

Ascertainment of Subclinical Markers of Atherosclerosis {#jah32318-sec-0011}
-------------------------------------------------------

### Measurement of hsCRP {#jah32318-sec-0012}

Blood samples were collected at baseline after a 12‐hour overnight fast, and analyses were performed at the core laboratory at the São Paulo site. Participants were asked to abstain from smoking 12 hours before examinations. The inflammatory biomarker hsCRP was measured via immunochemistry (nephelometry). Data on hsCRP were available for 14 000 participants in the final analytic sample.

### Measurement of cIMT {#jah32318-sec-0013}

The detailed protocol for cIMT measurements was published previously.[27](#jah32318-bib-0027){ref-type="ref"}, [28](#jah32318-bib-0028){ref-type="ref"}, [29](#jah32318-bib-0029){ref-type="ref"} The cIMT was measured at all centers using a Toshiba (Aplio XG) ultrasound device with a 7.5‐MHz linear transducer in the outer wall of a predefined carotid segment of 1 cm in length from 1 cm below carotid bifurcation, during 3 cardiac cycles. The carotid images were sent to the centralized core reading center in São Paulo from all participating centers. Acquired images were considered valid if clearly visualized on (1) both the left and right sides of the anatomic guides for the common carotid arteries, (2) interfaces between the lumen and the vessel far wall, and (3) interfaces between the media and the adventitia layers of the far vessel wall. MIA software was used to standardize the reading and interpretation of carotid scans. Data on cIMT were available for 10 225 (72.5%) participants in the final analytic sample.

### Measurement of ABI {#jah32318-sec-0014}

ABI is a noninvasive test recommended for assessment of peripheral arterial disease.[30](#jah32318-bib-0030){ref-type="ref"} In the current study, ABI was measured with an automated device rather than the mercury column.[28](#jah32318-bib-0028){ref-type="ref"} Three systolic blood pressure measurements were taken with the participant in the supine position at each ankle, alternating between right and left ankles every 2 minutes. Next, 3 BP measures were taken at the right arm every 2 minutes (HEM‐705CPINT; Omron, Kyoto, Japan). The total time for all measurements was 20 to 25 minutes. We calculated the ABI by dividing the lowest of the 4 systolic blood pressure measurements of the leg by the highest systolic blood pressure measurements of the arm, as this method was shown to better estimate CVD risk for preventive purposes.[31](#jah32318-bib-0031){ref-type="ref"} ABI ≤1 versus \>1 was used to discriminate between normal and diseased peripheral arteries. ABI data were available for 14 038 participants in the final analytic sample.

### Measurement of CAC {#jah32318-sec-0015}

A total 4278 (30.3%) ELSA‐Brasil participants underwent noncontrast cardiac‐gated computed tomography at the São Paulo site. CAC scoring was performed with a 64‐detector computed tomographic scanner (Brilliance 64; Philips Healthcare, Best, The Netherlands).[32](#jah32318-bib-0032){ref-type="ref"}, [33](#jah32318-bib-0033){ref-type="ref"} An ECG‐gated prospective scan acquisition with a tube potential of 120 kV and a tube current adjusted to body habitus was used on each participant after scout images. Images were reconstructed with 2.5‐mm slice thickness using standard filtered back projection. The CAC score was calculated using a threshold of 130 Housfield units, and results were expressed as Agatston units.[34](#jah32318-bib-0034){ref-type="ref"}

Ascertainment of Covariates {#jah32318-sec-0016}
---------------------------

Sociodemographic characteristics such as age, sex, race/ethnicity, educational history, and other health and medical history were ascertained through self‐report in interviews during both phases 1 and 2. Family history of myocardial infarction was similarly obtained during the phase 1 interview. Information on alcohol consumption (usual type, frequency of intake, and drinking patterns) and medication use was assessed during the phase 2 interview. Other covariates were assessed through a comprehensive set of examinations and measurements. The anthropometric parameters, such as weight and height, were measured using standard equipment and techniques. Resting blood pressure and heart rate were measured 3 times with 1‐minute intervals in the seated position after 5 minutes rest; the average of the second and third measurements was used in the analyses. Hypertension was defined as systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or the use of antihypertensive medication. Diabetes mellitus was defined as either previous medical diagnosis of diabetes mellitus, the use of hypoglycemic medications, or fulfillment of the diagnostic criteria for diagnosis based on fasting ≥126 mg/dL or 2‐hour plasma glucose levels obtained as part of a 75‐g oral glucose tolerance test ≥200 or the glycated hemoglobin test (HbA1c) ≥6.5%. Total cholesterol, high‐density lipoprotein cholesterol, low‐density lipoprotein cholesterol (LDL‐C), and triglycerides were measured in the baseline blood samples following a 12‐hour overnight fast. Aliquots for the test performance were stored in freezers at −80°C until they were analyzed by an ADVIA 1200 (Siemens, Munich, Germany) system. LDL‐C was estimated using the Friedewald equation when the triglyceride level was \<400 mg/dL. For those with a triglyceride level ≥400 mg/dL, LDL‐C was measured directly.

Modeling of Smoking and Outcome Measures {#jah32318-sec-0017}
----------------------------------------

Smoking status was modeled as a categorical variable (with indicator terms) for former and current smokers versus never smokers. Pack‐years and time‐since‐quitting years were each modeled as a continuous variable expressed per 5‐U increase. Smoking intensity was represented as a continuous variable expressed per 10 cigarettes per day among current smokers.

Outcomes were modeled as: Inflammation (hsCRP): continuous (natural log‐transformed because of nonnormal distribution) and binary (≥2 versus \<2 mg/L).cIMT: continuous (untransformed).ABI: binary (≤1.0 versus \>1.0).CAC: binary (\>0 versus =0).

Statistical Methods and Analyses {#jah32318-sec-0018}
--------------------------------

Descriptive analyses were performed using 1‐way ANOVA or Kruskal--Wallis tests for continuous covariates to compare means and medians, respectively, across categories of smoking status. We performed χ^2^ or Fisher exact tests to study the baseline characteristics of categorical covariates across categories of smoking status.

The associations between smoking exposure and subclinical inflammation and measures of atherosclerosis were cross‐sectionally assessed, and a complete case analysis method was used for primary results where missing observations for covariates were excluded from the analyses. The associations of smoking variables with hsCRP and cIMT were performed using multivariable linear regression models with the output of β‐coefficients indicating absolute difference in hsCRP or cIMT between former and current versus never smokers. Associations for ABI ≤1.0 and CAC \>0 were performed using multivariable logistic regression models and expressed as prevalence odds ratios (ORs). We adjusted for age, sex, race, education, study site, alcohol use, family history of myocardial infarction, body mass index, systolic blood pressure, LDL‐C, high‐density lipoprotein cholesterol, triglycerides, hypertension status, diabetes mellitus, and statin use for all models. Several ways of modeling systolic blood pressure and hypertension status to account for multicollinearity showed no changes in results; therefore, we included full models with multiple blood pressure variables in final analyses.

We also tested for effect modification of smoking exposure variables with age, sex, race/ethnicity, and education by testing interaction terms in the fully adjusted multivariable model, with Wald *P* value of \<0.05 considered significant. If the interaction terms were found to be significant, then we further conducted stratified analyses according to the levels of the effect modifiers to get stratum‐specific estimates. Consistent with a prior study by McEvoy et al,[23](#jah32318-bib-0023){ref-type="ref"} we also studied the potential interaction of hsCRP ≥2 and \<2 mg/L and smoking for their association with CAC \>0.

We secondarily evaluated the association between secondhand smoking among smokers and nonsmokers and subclinical inflammation and atherosclerosis with and without adjusting for smoking status and burden. In sensitivity analyses, we performed Monte Carlo multiple imputation for missing observations of continuous covariates and missing indicator terms for categorical covariates.[35](#jah32318-bib-0035){ref-type="ref"} We also repeated the analyses defining the ABI outcome as ABI ≤1.0 or ≥1.4. Analyses were repeated for the association of smoking and different categories of CAC (100 and 400 Agatston scores). We used multinomial logistic regression models to compare categories of CAC against CAC 0 as the reference. We also evaluated the association between all measures of smoking behavior and CAC as a continuous variable, defined as naturally log‐transformed (ln‐transformed) CAC among participants who had CAC \>0. Because the amount of smoking may affect time since quitting, we repeated the analyses by adjusting for pack‐years of smoking among former smokers and assessed for any change in results for the association between time since quitting and markers of subclinical atherosclerosis and inflammation.

Analyses were performed with STATA (version 13.0) and SAS University Edition (SAS Institute Inc, Cary, NC), and a *P* value of \<0.05 was considered significant (2‐sided).

Results {#jah32318-sec-0019}
=======

Baseline Characteristics {#jah32318-sec-0020}
------------------------

Mean age of the study cohort was 51.7±8.9 years, 44.8% were men, and 51.7% were white, followed by brown (27.9%) and black (15.8%) races. Of the cohort participants, 8138 were never smokers (57.7%), 4121 were former smokers (29.2%), and 1844 were current smokers (13.1%). Table [1](#jah32318-tbl-0001){ref-type="table-wrap"} represents characteristics of never, former, and current smokers. Of specific interest, current and former smokers were older than never smokers (*P*\<0.001) and were more likely to be men (*P*\<0.001). The highest prevalence of current smoking was among black participants (14.7%) and lowest in Asian/indigenous participants (10.0%); prevalence in whites and brown participants was 12.3% and 13.5%, respectively. The number of cigarettes per day smoked was lower in current smokers compared with former smokers (12.7±9.7 versus 15.5±13.6; *P*\<0.001). Mean pack‐years were higher among current smokers compared with former smokers (20.4±18.6 versus 15.7±19.0 pack‐years; *P*\<0.001) despite being younger on average compared with former smokers. The average time since quitting smoking among former smokers was 17.1±10.9 years.

###### 

Baseline Characteristics of the Study Population Free of Prevalent CVD (N=14 103) by Categories of Smoking Status

  Variable                                                         Smoking Status                                            
  ---------------------------------------------------------------- ---------------- ------------ ------------- ------------- ---------
  Age, y                                                           51.7±8.9         50.5±9.3     54.0±8.3      51.6±7.7      \<0.001
  Male, %                                                          44.8             39.9         52.6          49.0          \<0.001
  Race[a](#jah32318-note-0005){ref-type="fn"}, %                                                                             \<0.001
  White                                                            51.7             51.0         54.2          48.7          
  Brown (mixed)                                                    27.9             28.4         26.6          28.7          
  Black                                                            15.8             16.1         14.3          17.7          
  Asian/other                                                      3.5              3.5          3.5           3.2           
  Cigarettes per d                                                 6.2±10.9         0±0          15.5±13.6     12.7±9.7      \<0.001
  Duration of smoking, y                                           8.9±13.1         0±0          17.2±11.0     29.8±10.7     \<0.001
  Pack‐years of smoking                                            7.2±14.9         0±0          15.7±19.0     20.4±18.6     \<0.001
  Y since quitting[a](#jah32318-note-0005){ref-type="fn"}          ···              ···          17.1±10.9     ···           ···
  Body mass index, kg/m^2^                                         26.9±4.7         26.7±4.8     27.6±4.6      26.3±4.7      \<0.001
  Systolic blood pressure, mm Hg                                   120.8±17.0       120.1±16.7   122.5±17.0    120.1±18.3    \<0.001
  Diastolic blood pressure, mm Hg                                  76.2±10.7        75.9±10.5    77.0±10.6     75.7±11.6     \<0.001
  Antihypertensive medication use, %                               25.5             23.7         31.2          20.8          \<0.001
  Heart rate[a](#jah32318-note-0005){ref-type="fn"}, bpm           66.5±9.5         66.8±9.5     66.1±9.5      66.3±9.8      \<0.001
  Diabetes mellitus, %                                             18.5             15.7         23.2          19.9          \<0.001
  Lipid‐lowering drugs, %                                          11.4             10.4         14.7          8.5           \<0.001
  Total cholesterol, mg/dL                                         215.3±41.9       213.3±40.6   217.4±43.4    219.7±43.4    \<0.001
  Triglycerides, mg/dL                                             137.8±104.3      126.6±81.6   152.5±132.2   154.9±115.4   \<0.001
  LDL‐C, mg/dL                                                     131.6±34.8       130.9±34.3   131.5±34.8    134.9±36.6    \<0.001
  HDL‐C, mg/dL                                                     56.9±14.6        57.5±14.4    56.4±14.8     55.2±14.7     \<0.001
  Alcohol use, %                                                                                                             \<0.001
  Never                                                            10.6             14.6         5.1           4.8           
  Former                                                           19.7             19.3         22.5          14.9          
  Current                                                          69.6             65.9         72.3          80.0          
  Family history of MI[a](#jah32318-note-0005){ref-type="fn"}, %   12.8             12.4         12.9          14.2          0.09

Continuous variables presented as means (standard deviations), and categorical variables are presented as percentages. *P* value for continuous variables was calculated using 1‐way ANOVA and for categorical variables using the χ^2^ test among never, former, and current smokers. HDL‐C indicates high‐density lipoprotein cholesterol; LDL‐C, low‐density lipoprotein cholesterol; MI, myocardial infarction.

The proportion of missing observations for these variables was ≥1%. Missing sample sizes were race (n=162, 1.1%), years since quitting (n=164, 1.2%), heart rate (n=816, 5.8%), and family history of myocardial infarction (n=141, 1.0%).

Smoking and Inflammation Measured by hsCRP {#jah32318-sec-0021}
------------------------------------------

A total 14 000 (99.9%) participants were included for the analysis. Median hsCRP levels were significantly higher in current smokers (1.86 mg/L; interquartile range \[IQR\]: 0.89--3.81 mg/L) and former smokers (1.51 mg/L; IQR: 0.75--3.27 mg/L) compared with never smokers (1.35 mg/L; IQR: 0.67--3.15 mg/L; *P*\<0.001; Table [2](#jah32318-tbl-0002){ref-type="table-wrap"}). After full multivariable adjustment for age, sex, race, education, study site, alcohol use, family history of myocardial infarction, body mass index, systolic blood pressure, LDL‐C, high‐density lipoprotein cholesterol, triglycerides, hypertension status, diabetes mellitus, and statin use, current smokers had significantly higher ln‐transformed hsCRP levels (β=0.24; 95% confidence interval \[CI\], 0.19--0.29; *P*\<0.001) compared with never smokers, although results were not significant for former smoking (β=0.01; 95% CI, −0.02 to 0.05; *P*=0.46) (Table [3](#jah32318-tbl-0003){ref-type="table-wrap"}). Similarly, current smokers had 70% higher odds of having hsCRP ≥2 mg/L compared with never smokers (OR: 1.70; 95% CI, 1.51--1.91; *P*\<0.001), with no association in former smokers (OR: 1.03; 95% CI, 0.95--1.13; *P*=0.44; Table [S1](#jah32318-sup-0001){ref-type="supplementary-material"}).

###### 

Baseline Distributions of the Inflammatory Biomarker (hs‐CRP) and Measures of Subclinical Atherosclerosis (cIMT, ABI, and CAC)

  Outcomes                                                Total Population (N=14 103)   Smoking Status      *P* Value                               
  ------------------------------------------------------- ----------------------------- ------------------- ------------------- ------------------- ---------
  Median hsCRP, mg/L                                      1.45 (0.72--3.28)             1.35 (0.67--3.15)   1.51 (0.75--3.27)   1.86 (0.89--3.81)   \<0.001
  hsCRP ≥2 mg/L, % (n)                                    39.7 (5554)                   37.4 (3019)         40.4 (1650)         48.3 (885)          \<0.001
  Mean cIMT[a](#jah32318-note-0007){ref-type="fn"}, mm    0.75±0.16                     0.73±0.15           0.78±0.17           0.77±0.18           \<0.001
  Mean ABI                                                1.24±0.10                     1.24±0.10           1.24±0.10           1.21±0.11           \<0.001
  ABI ≤1.0, % (n)                                         5.94 (893)                    4.36 (353)          5.78 (237)          9.80 (180)          \<0.001
  Mean CAC[b](#jah32318-note-0008){ref-type="fn"} score   46.2±194.3                    31.9±156.7          63.9±226.4          60.6±234.7          \<0.001
  CAC \>0, % (n)                                          27.4 (1174)                   22.9 (527)          32.2 (417)          33.5 (230)          \<0.001

*P* value for continuous variables was calculated using 1‐way ANOVA (means) or Kruskal--Wallis Test (medians) and for categorical variables using the χ^2^ test for never, former, and current smokers. ABI indicates ankle‐brachial index; CAC, coronary artery calcium; cIMT, carotid intima--media thickness; hsCRP, high‐sensitivity C‐reactive protein.

10 225 (72.5%) of participants underwent cIMT measurements and had adequate image quality for analysis of both common carotid arteries.

4278 (30.3%) of participants underwent CAC scoring because it was conducted at 1 site only (São Paulo, Brazil).

###### 

Baseline Mean Absolute Difference With 95% CIs in Levels of Biomarkers of hsCRP and cIMT and ORs for ABI ≤1.0 and CAC \>0 by Smoking Status, Burden, Years Since Quitting, and Intensity

  Exposure                                                                         Ln hsCRP                 cIMT[a](#jah32318-note-0010){ref-type="fn"}   ABI ≤1.0                    CAC (Agatston)[b](#jah32318-note-0011){ref-type="fn"} \>0                                                     
  -------------------------------------------------------------------------------- ------------------------ --------------------------------------------- --------------------------- ----------------------------------------------------------- ------------------- --------- ------------------- ---------
  Smoking status                                                                                                                                                                                                                                                                                    
  Never                                                                            Reference                                                              Reference                                                                               Reference                     Reference           
  Former                                                                           0.01 (−0.02 to 0.05)     0.46                                          0.01 (0.01--0.02)           \<0.001                                                     1.32 (1.11--1.58)   0.002     1.12 (0.93--1.35)   0.22
  Current                                                                          0.24 (0.19--0.29)        \<0.001                                       0.03 (0.02--0.04)           \<0.001                                                     2.52 (2.06--3.08)   \<0.001   1.83 (1.46--2.30)   \<0.001
  Smoking burden (pack‐years of smoking per 5‐unit increase)                                                                                                                                                                                                                                        
  Ever smokers[c](#jah32318-note-0012){ref-type="fn"}                              0.02 (0.01--0.03)        \<0.001                                       0.003 (0.002--0.004)        \<0.001                                                     1.06 (1.04--1.09)   \<0.001   1.10 (1.07--1.14)   \<0.001
  Former smokers                                                                   0.01 (0.00--0.02)        0.006                                         0.003 (0.002--0.005)        \<0.001                                                     1.04 (1.01--1.07)   0.01      1.10 (1.06--1.14)   \<0.001
  Current smokers                                                                  0.03 (0.01--0.04)        \<0.001                                       0.002 (−0.000 to 0.004)     0.09                                                        1.08 (1.04--1.12)   \<0.001   1.09 (1.03--1.16)   0.002
  Y since quitting smoking among former smokers                                                                                                                                                                                                                                                     
  Per 5‐y increase                                                                 −0.03 (−0.05 to −0.02)   \<0.001                                       −0.007 (−0.010 to −0.004)   \<0.001                                                     0.90 (0.84--0.96)   0.003     0.87 (0.81--0.93)   \<0.001
  Smoking intensity among current smokers[d](#jah32318-note-0013){ref-type="fn"}                                                                                                                                                                                                                    
  Per 10 cigarettes/d increase                                                     0.10 (0.05--0.15)        \<0.001                                       0.003 (0.006--0.012)        0.52                                                        1.30 (1.10--1.52)   0.002     1.26 (1.02--1.56)   0.03

Linear regression models were used for hsCRP and cIMT and logistic regression for ABI and CAC. This was a complete‐case analysis. Models were adjusted for age, sex, race, education, study site, alcohol use, family history of myocardial infection, body mass index, systolic blood pressure, low‐density lipoprotein cholesterol, high‐density lipoprotein cholesterol, triglycerides, hypertension status, diabetes mellitus, and statin use. ABI indicates ankle‐brachial index; CAC, coronary artery calcium; CI, confidence interval; cIMT, carotid intima‐media thickness; hsCRP, high‐sensitivity C‐reactive protein; OR, odds ratio.

10 225 (72.5%) of participants underwent cIMT measurements and had adequate image quality for analysis of both common carotid arteries.

4278 (30.3%) of participants underwent CAC scoring because it was conducted at 1 site only (São Paulo, Brazil).

Includes both former and current smokers.

Also adjusted for duration of smoking in years.

Among ever smokers, after full multivariable adjustment, each 5‐year increase in pack‐years was associated with higher levels of ln‐transformed hsCRP (β=0.02; 95% CI, 0.01--0.03; *P*\<0.001; Table [3](#jah32318-tbl-0003){ref-type="table-wrap"}). The findings were similar when further stratified according to former or current smokers, although the magnitude of effect was stronger for current smokers. Each 5‐year increase in time since quitting smoking was associated with lower ln‐transformed hsCRP among former smokers (β=−0.03; 95% CI, −0.05 to −0.02; *P*\<0.001; Figure [1](#jah32318-fig-0001){ref-type="fig"}A). After full multivariable adjustment, smoking intensity (per 10‐cigarette/day increase in smoking), adjusted for duration of smoking, was associated with higher natural ln‐transformed hsCRP among current smokers (β=0.10; 95% CI, 0.05--0.15; *P*\<0.001). All findings were similar when using the dichotomous variable of hsCRP ≥2 mg/L (Table [S1](#jah32318-sup-0001){ref-type="supplementary-material"}).

![Age‐ and sex‐adjusted associations of (A) log‐transformed high‐sensitivity C‐reactive protein and (B) coronary artery calcium (CAC) \>0 with years since quitting smoking among former smokers in men and women.](JAH3-6-e005088-g001){#jah32318-fig-0001}

Significant interaction was observed for current versus never smokers with the effect modifiers of age, sex, race, and education (*P*\<0.05 for each; Table [S2](#jah32318-sup-0001){ref-type="supplementary-material"}). The change in ln‐transformed hsCRP was more pronounced among older adults (aged ≥50 years), men, nonwhite participants, and participants with lower education (Table [4](#jah32318-tbl-0004){ref-type="table-wrap"}, Table [S3](#jah32318-sup-0001){ref-type="supplementary-material"}). A similar interaction with these effect modifiers was observed for the association of pack‐years with ln‐transformed hsCRP, whereas smoking intensity had interaction with sex only (Figure [2](#jah32318-fig-0002){ref-type="fig"}).

###### 

Stratified Analyses for by Age, Sex, Race and Education for Biomarkers of Subclinical Inflammation (hsCRP) and Atherosclerosis (cIMT, ABI, and CAC) for Interaction With Smoking Status

                                 Ln hsCRP                cIMT[a](#jah32318-note-0015){ref-type="fn"}   ABI ≤1.0                  CAC \>0[b](#jah32318-note-0016){ref-type="fn"}                                                               
  ------------------------------ ----------------------- --------------------------------------------- ------------------------- ------------------------------------------------ ------------------- ------------------- ------------------- -------------------
  Overall                        0.01 (−0.02 to 0.05)    0.24 (0.19--0.29)                             0.01 (0.01--0.02)         0.03 (0.02--0.04)                                1.32 (1.11--1.58)   2.52 (2.06--3.08)   1.12 (0.93--1.35)   1.83 (1.46--2.30)
  Male (n=6315)                  0.05 (−0.01 to 0.10)    0.39 (0.31--0.46)                             0.02 (0.01--0.03)         0.04 (0.03--0.06)                                NS                  NS                  0.99 (0.78--1.26)   1.52 (1.12--2.06)
  Female (n=7788)                −0.01 (−0.06 to 0.05)   0.09 (0.01--0.16)                             0.007 (−0.000 to 0.015)   0.02 (0.01--0.03)                                NS                  NS                  1.42 (1.07--1.90)   2.41 (1.71--3.40)
  Age ≥50 (n=7836), y            0.03 (−0.02 to 0.08)    0.31 (0.24--0.37)                             0.02 (0.01--0.03)         0.03 (0.01--0.04)                                1.80 (1.43--2.25)   3.80 (2.94--4.91)   NS                  NS
  Age \<50 (n=6267), y           −0.01 (−0.08 to 0.05)   0.15 (0.06--0.23)                             0.02 (0.01--0.02)         0.03 (0.02--0.04)                                0.89 (0.64--1.24)   1.35 (0.93--1.93)   NS                  NS
  High school or less (n=6573)   0.01 (−0.05 to 0.07)    0.27 (0.20--0.34)                             0.02 (0.01--0.03)         0.03 (0.02--0.05)                                NS                  NS                  NS                  NS
  College (n=7530)               0.02 (−0.04 to 0.07)    0.18 (0.09--0.26)                             0.01 (0.00--0.02)         0.02 (0.01--0.03)                                NS                  NS                  NS                  NS
  White (n=7287)                 −0.01 (−0.06 to 0.05)   0.20 (0.13--0.28)                             0.01 (0.00--0.02)         0.02 (0.01--0.03)                                NS                  NS                  NS                  NS
  Nonwhite (n=6655)              0.04 (−0.02 to 0.10)    0.28 (0.20--0.36)                             0.02 (0.01--0.03)         0.04 (0.03--0.05)                                NS                  NS                  NS                  NS
  Brown (n=3939)                 0.02 (−0.06 to 0.09)    0.25 (0.15--0.36)                             0.02 (0.01--0.03)         0.04 (0.02--0.06)                                NS                  NS                  NS                  NS
  Nonbrown (n=10 002)            0.01 (−0.03 to 0.06)    0.24 (0.17--0.30)                             0.01 (0.00--0.02)         0.02 (0.01--0.03)                                NS                  NS                  NS                  NS
  Black (n=2224)                 0.02 (−0.09 to 0.12)    0.24 (0.10--0.37)                             0.01 (−0.01 to 0.03)      0.04 (0.02--0.06)                                NS                  NS                  NS                  NS
  Nonblack (n=11 717)            0.01 (−0.03 to 0.06)    0.24 (0.18--0.30)                             0.01 (0.01--0.02)         0.02 (0.02--0.03)                                NS                  NS                  NS                  NS

NS: *P* ~interaction~ was \>0.05, and no stratified analyses were conducted. ABI indicates ankle‐brachial index; CAC, coronary artery calcium; CI, confidence interval; cIMT, carotid intima‐media thickness; hsCRP, high‐sensitivity C‐reactive protein; ln, naturally log transformed.

10 225 (72.5%) of participants underwent cIMT measurements and had adequate image quality for analysis of both common carotid arteries.

4278 (30.3%) of participants underwent CAC scoring because it was conducted at 1 site only (São Paulo, Brazil).

![A, Dose‐response restricted cubic spline graphs for the association of mean log‐transformed high‐sensitivity C‐reactive protein (ln hs‐CRP) levels and coronary artery calcium (CAC) \>0 with smoking intensity. B, Graphs restricted to smoking ≤20 cigarettes per day.](JAH3-6-e005088-g002){#jah32318-fig-0002}

Smoking and Subclinical Atherosclerosis {#jah32318-sec-0022}
---------------------------------------

### Carotid intima--media thickness {#jah32318-sec-0023}

In total, 10 225 (72.5%) participants were included for analysis. After full multivariable adjustment, cIMT was significantly higher among former smokers (β=0.01; 95% CI, 0.01--0.02; *P*\<0.001) and current smokers (β=0.03; 95% CI, 0.02--0.04; *P*\<0.001) compared with never smokers (Table [3](#jah32318-tbl-0003){ref-type="table-wrap"}). Each 5‐pack‐year increase in smoking was associated with higher cIMT among ever smokers (β=0.003; 95% CI, 0.002--0.004; *P*\<0.001). Results were significant for increasing pack‐years among former smokers, with a trend toward increase among current smokers (β=0.002; 95% CI, −0.000 to 0.004; *P*=0.09). Each 5‐year period after quitting smoking was associated with lower cIMT (β=−0.007; 95% CI, −0.010 to −0.004; *P*\<0.001). Among current smokers, however, smoking intensity was not associated with cIMT (β=0.003; 95% CI, −0.006 to 0.012; *P*=0.52).

There was evidence of significant interaction of former and current versus never smokers with age, sex, race, and education for cIMT, such that those who were older than 50 years, male, nonwhite, and less educated had a more pronounced association between current smoking status and higher cIMT levels (Table [S2](#jah32318-sup-0001){ref-type="supplementary-material"}). Pack‐years also had significant interaction with sex and education in similar fashion (Table [4](#jah32318-tbl-0004){ref-type="table-wrap"}, Table [S4](#jah32318-sup-0001){ref-type="supplementary-material"}).

### Ankle‐brachial index {#jah32318-sec-0024}

In total, 13 268 (99.4%) participants were included in the analysis. Prevalence of ABI ≤1.0 among current smokers (9.8%) was higher compared with former smokers (5.8%) and never smokers (4.4%; *P*\<0.001). After full multivariable adjustment, compared with never smokers, former and current smokers had higher odds of ABI ≤1.0 (former: OR: 1.32; 95% CI, 1.11--1.58; *P*=0.02; current: OR: 2.52; 95% CI, 2.06--3.08; *P*\<0.001; Table [3](#jah32318-tbl-0003){ref-type="table-wrap"}). Among ever smokers, each 5‐pack‐year increase was associated with higher odds of ABI ≤1.0 (OR: 1.06; 95% CI, 1.01--1.10; *P*=0.02). Each 5‐year lapsed since quitting was associated with lower odds of ABI ≤1.0 (OR: 0.90; 95% CI, 0.84--0.96; *P*=0.003). Smoking intensity was also associated with ABI ≤1.0 (OR: 1.30; 95% CI, 1.10--1.52; *P*=0.002).

There was an interaction between smoking status and age such that participants older than 50 years had a more pronounced association between current smoking status and ABI ≤1.0 (Table [4](#jah32318-tbl-0004){ref-type="table-wrap"}, Tables [S2](#jah32318-sup-0001){ref-type="supplementary-material"} and [S3](#jah32318-sup-0001){ref-type="supplementary-material"}). No interaction was found for sex, race, and education.

### Coronary artery calcium {#jah32318-sec-0025}

In total, 4278 (30.3%) participants were included in the analysis. Prevalence of CAC was significantly higher (*P*\<0.001) among former smokers (32.2%) and current smokers (33.5%) than never smokers (22.9%). After full multivariable adjustment, compared with never smokers, current smokers had higher odds of CAC \>0 (OR: 1.83; 95% CI, 1.46--2.30; *P*\<0.001), although no association was found among former smokers (OR: 1.12; 95% CI, 0.93--1.35; *P*=0.22; Table [3](#jah32318-tbl-0003){ref-type="table-wrap"}). Each 5‐pack‐year increase was associated with 10% higher odds of CAC \>0 among ever smokers, and the relationship held after stratifying further among former and current smokers. Each 5‐year period passed since quitting smoking was associated with 13% lower odds of CAC \>0 among former smokers (Figure [1](#jah32318-fig-0001){ref-type="fig"}B). Smoking intensity was also associated with CAC \>0 (OR: 1.26; 95% CI, 1.02--1.56; *P*=0.03).

For CAC \>0, we found significant interaction of current and former smoking by sex but not race and of smoking intensity with age and race (Table [S2](#jah32318-sup-0001){ref-type="supplementary-material"}) but not sex (Figure [2](#jah32318-fig-0002){ref-type="fig"}). Associations were more pronounced among women compared with men, among older adults (age ≥50), and among blacks versus nonblack participants (Table [S3](#jah32318-sup-0001){ref-type="supplementary-material"}). There was no evidence of interaction of any of the smoking exposure variables with hsCRP ≥2 and \<2 mg/L for CAC \>0 (Table [S5](#jah32318-sup-0001){ref-type="supplementary-material"}).

Secondary and Sensitivity Analyses {#jah32318-sec-0026}
----------------------------------

Secondary analysis of the association of secondhand smoking among the whole cohort (including nonsmokers and former and current smokers) with subclinical inflammation and atherosclerosis revealed significant positive associations for hsCRP and cIMT. Results were consistent among nonsmokers. When adjusted for smoking status and pack‐years of smoking, results were significant only for hsCRP (Table [5](#jah32318-tbl-0005){ref-type="table-wrap"}). Increasing number of sites related to secondhand exposure to smoking (home, transportation, and work) was significantly associated only with increased hsCRP levels among the whole cohort but not when analyses were restricted to nonsmokers (Table [S6](#jah32318-sup-0001){ref-type="supplementary-material"}).

###### 

Baseline Mean Absolute Difference With 95% CIs in Levels of hsCRP and cIMT, and ORs for ABI ≤1.0 and CAC \>0 by Secondhand Smoking Status

  Exposure   Ln hsCRP            cIMT[a](#jah32318-note-0018){ref-type="fn"}      ABI ≤1.0               CAC (Agatston)[b](#jah32318-note-0019){ref-type="fn"} \>0                                                  
  ---------- ------------------- ------------------------------------------------ ---------------------- ----------------------------------------------------------- ------------------- ------ ------------------- ------
  Model 1    0.09 (0.05--0.14)   \<0.001[c](#jah32318-note-0020){ref-type="fn"}   0.02 (0.01--0.02)      \<0.001[c](#jah32318-note-0020){ref-type="fn"}              1.16 (0.99--1.36)   0.07   1.07 (0.91--1.27)   0.41
  Model 2    0.06 (0.02--0.10)   \<0.001[c](#jah32318-note-0020){ref-type="fn"}   0.01 (0.00--0.02)      0.01[c](#jah32318-note-0020){ref-type="fn"}                 1.12 (0.95--1.32)   0.18   1.03 (0.87--1.23)   0.71
  Model 3    0.04 (0.00--0.08)   0.04[c](#jah32318-note-0020){ref-type="fn"}      0.00 (−0.00 to 0.01)   0.09                                                        1.02 (0.86--1.21)   0.83   0.97 (0.81--1.16)   0.73
  Model 4    0.05 (0.01--0.09)   \<0.01[c](#jah32318-note-0020){ref-type="fn"}    0.01 (−0.00 to 0.01)   0.06                                                        1.07 (0.90--1.26)   0.45   0.98 (0.82--1.17)   0.79

Model 1 is adjusted for age, sex, race, and education. Model 2 is adjusted for model 1 plus study site, family history of myocardial infarction, body mass index, alcohol use, systolic blood pressure, low‐density lipoprotein cholesterol, high‐density lipoprotein cholesterol, triglycerides, hypertension status, diabetes mellitus, and statin use. Model 3 is adjusted for model 2 plus self‐reported smoking status (never, former, current). Model 4 is adjusted for model 2 plus pack‐years of smoking. ABI indicates ankle‐brachial index; CAC, coronary artery calcium; CI, confidence interval; cIMT, carotid intima--media thickness; hsCRP, high‐sensitivity C‐reactive protein; ln, naturally log transformed; OR, odds ratio.

10 225 (72.5%) of participants underwent cIMT measurements and had adequate image quality for analysis of both common carotid arteries.

4278 (30.3%) of participants underwent CAC scoring because it was conducted at 1 site only (São Paulo, Brazil).

Significant results.

Sensitivity analyses demonstrated similar results to the complete‐case analysis after performing multiple imputation for missing observations of continuous covariates and use of missing indicators for categorical covariates. Excluding the body mass index variable from the model and adjusting for obesity (defined as body mass index ≥30) and physical activity did not change the results. Repeating the analyses for participants with ABI ≤1.0 or ≥1.4 and with different cut points for CAC showed consistent results. The ORs and relative risk ratios of having abnormal CAC showed a robust and consistent increase for both smoking status and number of cigarettes per day using higher CAC thresholds (Table [6](#jah32318-tbl-0006){ref-type="table-wrap"} and Table [S7](#jah32318-sup-0001){ref-type="supplementary-material"}). Among participants with present CAC, current and former smoking status, pack‐years of smoking among ever and current smokers, and number of cigarettes per day were all associated with ln‐transformed CAC (*P*\<0.05), but pack‐years of smoking and time since quitting among former smokers were not. We found no significant associations between secondhand smoking status and ln‐transformed CAC. Our results remained robust and consistent with added adjustment for pack‐years of smoking in models demonstrating the association between time since quitting and markers of subclinical inflammation and atherosclerosis.

###### 

Baseline Mean Absolute Difference With 95% CIs in the ORs for Categories of CAC Using Logistic Regression Models Among 4278 Participants in ELSA‐Brasil

  Exposure                                                                         CAC (Agatston) \>0   CAC (Agatston) ≥100   CAC (Agatston) ≥400                                 
  -------------------------------------------------------------------------------- -------------------- --------------------- --------------------- --------- ------------------- ---------
  Smoking status                                                                                                                                                                  
  Never                                                                            Reference                                  Reference                       Reference           
  Former                                                                           1.12 (0.93--1.35)    0.22                  1.30 (0.99--1.69)     0.058     1.97 (1.28--3.04)   0.002
  Current                                                                          1.83 (1.46--2.30)    \<0.001               2.12 (1.52--1.69)     \<0.001   2.39 (1.32--4.32)   0.004
  Smoking burden (pack‐years of smoking per 5‐unit increase)                                                                                                                      
  Ever smokers[a](#jah32318-note-0022){ref-type="fn"}                              1.10 (1.07--1.14)    \<0.001               1.10 (1.06--1.14)     \<0.001   1.10 (1.04--1.15)   \<0.001
  Former smokers                                                                   1.10 (1.06--1.14)    \<0.001               1.09 (1.04--1.13)     \<0.001   1.09 (1.03--1.15)   0.004
  Current smokers                                                                  1.09 (1.03--1.16)    0.002                 1.12 (1.05--1.21)     0.001     1.13 (1.02--1.26)   0.025
  Y since quitting smoking among former smokers                                                                                                                                   
  Per 5‐y increase                                                                 0.87 (0.81--0.93)    \<0.001               0.93 (0.85--1.02)     0.118     0.88 (0.77--1.00)   0.043
  Smoking intensity among current smokers[b](#jah32318-note-0023){ref-type="fn"}                                                                                                  
  Per 10 cigarettes/d increase                                                     1.26 (1.02--1.56)    0.03                  1.69 (1.28--2.24)     \<0.001   1.82 (1.14--2.89)   0.012

This was a complete‐case analysis. Models were adjusted for age, sex, race, education, study site, alcohol use, family history of myocardial infection, body mass index, systolic blood pressure, low‐density lipoprotein cholesterol, high‐density lipoprotein cholesterol, triglycerides, hypertension status, diabetes mellitus, and statin use. CAC, coronary artery calcium; CI, confidence interval; OR, odds ratio.

Includes both former and current smokers.

Also adjusted for duration of smoking in years.

Discussion {#jah32318-sec-0027}
==========

In this study of asymptomatic individuals free of known CVD, we demonstrated that current smoking status, smoking burden (pack‐years), and smoking intensity (number of cigarettes per day) were all positively associated with higher levels of the inflammatory biomarker hsCRP and less favorable measures of subclinical atherosclerosis, including ABI and CAC score, whereas time since quitting was inversely related to these measures. Results regarding secondhand smoking demonstrated that after adjusting for other indices of exposure, hsCRP levels were elevated. These data suggest that hsCRP, ABI, and CAC may be useful biomarkers of smoking‐induced CVD.

Cigarette smoking has been linked to both acute and chronic cardiovascular risk, which may necessitate different measures of exposures and biomarkers.[36](#jah32318-bib-0036){ref-type="ref"} Given the long latency period between tobacco exposure and cardiovascular events, the identification of sensitive biomarkers of vascular injury is important for the assessment of potential cardiovascular harm from both traditional and novel tobacco products such as Electronic Nicotine Delivery Systems (ENDS) and smokeless tobacco.[37](#jah32318-bib-0037){ref-type="ref"} The use of noncigarette tobacco product is rising among adults and teenagers in the United States.[38](#jah32318-bib-0038){ref-type="ref"} Considering the novelty of these products and the lack of longitudinal studies, little is known about the potential harm of ENDS, such as e‐cigarettes, with respect to cardiovascular health and disease. The US Food and Drug Administration\'s (FDA\'s) new tobacco "Deeming Rule" necessitates regulation of all novel tobacco products and performing research on their safety.[38](#jah32318-bib-0038){ref-type="ref"} This study, which is funded by the FDA, introduces sensitive biomarkers of cardiovascular injury that can be used by regulatory agencies for assessing the hazardous effects of current and future tobacco products.

Different measures of smoking behavior can help evaluate the severity of smoking exposure while considering time as an important factor. Although status and burden of smoking are associated with long‐term chronic exposure, time since quitting and intensity reflect nearer term exposure. In the analyses for time since quitting and intensity, we adjusted for pack‐years and duration of smoking, respectively. This allowed us to assess proximal associations of measures of smoking behavior with subclinical inflammation and atherosclerosis regardless of the effect of burden and longevity of smoking.[39](#jah32318-bib-0039){ref-type="ref"} Smoking burden as an indicator of chronic tobacco exposure was related to abnormalities in all markers of inflammation and subclinical atherosclerosis in both former and current smokers. These biomarkers can be used to detect the presence and extent of inflammation and atherosclerosis following chronic tobacco exposure during and after smoking cessation. Attenuated associations with the increase in time since quitting showed the beneficial cardiovascular effects of smoking cessation and demonstrated the potential utility of biomarkers, in particular, hsCRP, for monitoring tobacco abstinence--related risk attenuation among former smokers. Smoking intensity was positively associated with hsCRP independent of the duration of exposure. This suggests that acute tobacco exposure is associated with subclinical vascular damage and can be quantified via serum hsCRP.

In our study, cIMT, ABI, and CAC were not associated with smoking intensity among younger participants, potentially due to the shorter duration of smoking exposure. On the contrary, hsCRP levels were well reflective of acuteness of exposure, as they were positively associated with higher smoking intensity regardless of age and duration of smoking. As a marker in the inflammation cascade, hsCRP is detectable before manifest clinical inflammation appears. In addition, hsCRP is associated with atherosclerotic processes[40](#jah32318-bib-0040){ref-type="ref"} and thus may also be directly involved in cardiovascular injury. The high sensitivity of this test, as indicated by significant differences via secondhand smoking exposure and consistent results for different indices of tobacco exposure in ELSA‐Brasil and across other studies,[5](#jah32318-bib-0005){ref-type="ref"}, [6](#jah32318-bib-0006){ref-type="ref"}, [7](#jah32318-bib-0007){ref-type="ref"}, [8](#jah32318-bib-0008){ref-type="ref"}, [9](#jah32318-bib-0009){ref-type="ref"}, [10](#jah32318-bib-0010){ref-type="ref"}, [11](#jah32318-bib-0011){ref-type="ref"}, [12](#jah32318-bib-0012){ref-type="ref"}, [13](#jah32318-bib-0013){ref-type="ref"}, [14](#jah32318-bib-0014){ref-type="ref"}, [15](#jah32318-bib-0015){ref-type="ref"}, [41](#jah32318-bib-0041){ref-type="ref"} highlights hsCRP as a favorable marker for monitoring hazardous health effects of tobacco exposure.

We showed that measures of tobacco exposure were associated with subclinical atherosclerosis, as demonstrated by the presence of CAC, although results were not significant for ABI ≤1 and cIMT. These disparate results may indicate site‐specific atherosclerotic processes following smoking exposure or differences in sensitivities of tests for measuring subclinical atherosclerosis. Previous studies have shown high sensitivity and reliability of cardiac‐gated computed tomography scanning as a tool to detect asymptomatic coronary atherosclerosis that heralds evident CVD.[42](#jah32318-bib-0042){ref-type="ref"} Our results regarding the association of smoking burden and intensity with CAC \>0 provide additional detailed information for tobacco exposure and regulation sciences about detrimental cardiovascular health effects of smoking. Moreover, our findings contribute insight into the mechanisms through which cigarette smoking leads to atherosclerotic CVD events and thus generate hypotheses for future studies investigating pathways through which particular hazardous constituents may be involved in inflammation cascade or atherosclerotic processes. Our data indicate that hsCRP and CAC should be considered in studies aimed at assessing the cardiovascular impact of new tobacco products.

Limited studies have been conducted to assess associations of smoking or smoking cessation on markers of inflammation such as hsCRP,[5](#jah32318-bib-0005){ref-type="ref"}, [6](#jah32318-bib-0006){ref-type="ref"}, [7](#jah32318-bib-0007){ref-type="ref"}, [8](#jah32318-bib-0008){ref-type="ref"}, [9](#jah32318-bib-0009){ref-type="ref"}, [10](#jah32318-bib-0010){ref-type="ref"}, [11](#jah32318-bib-0011){ref-type="ref"}, [12](#jah32318-bib-0012){ref-type="ref"}, [13](#jah32318-bib-0013){ref-type="ref"}, [14](#jah32318-bib-0014){ref-type="ref"}, [15](#jah32318-bib-0015){ref-type="ref"} and even fewer studies have assessed measures of subclinical atherosclerosis.[16](#jah32318-bib-0016){ref-type="ref"}, [17](#jah32318-bib-0017){ref-type="ref"}, [18](#jah32318-bib-0018){ref-type="ref"}, [19](#jah32318-bib-0019){ref-type="ref"}, [20](#jah32318-bib-0020){ref-type="ref"}, [21](#jah32318-bib-0021){ref-type="ref"} These studies have generally shown higher levels of hsCRP among current and former smokers compared with nonsmokers[5](#jah32318-bib-0005){ref-type="ref"}, [6](#jah32318-bib-0006){ref-type="ref"}, [9](#jah32318-bib-0009){ref-type="ref"}, [10](#jah32318-bib-0010){ref-type="ref"}, [12](#jah32318-bib-0012){ref-type="ref"}, [13](#jah32318-bib-0013){ref-type="ref"}, [14](#jah32318-bib-0014){ref-type="ref"}, [15](#jah32318-bib-0015){ref-type="ref"} and decreased levels after smoking cessation, albeit slower than systolic blood pressure and total cholesterol and LDL‐C.[8](#jah32318-bib-0008){ref-type="ref"}, [11](#jah32318-bib-0011){ref-type="ref"}, [12](#jah32318-bib-0012){ref-type="ref"} Calculating the probability of CAC onset following smoking exposure in the Heinz Nixdorf Recall study also demonstrated that onset of CAC was expedited by 10 years among current smokers and 5 years among former smokers compared with never smokers.[16](#jah32318-bib-0016){ref-type="ref"} Our findings agree with the recent findings from MESA that found smoking to be associated with early markers of CVD injury, with current smokers having higher levels of hsCRP, cIMT, and CAC score and lower levels of ABI compared with former smokers.[23](#jah32318-bib-0023){ref-type="ref"}

We did not find any associations between secondhand smoking and CAC, but results were significant for hsCRP and cIMT. Although hsCRP is a downstream inflammatory marker, it has been shown to be indicative of inflammatory processes that have a proximal role in processes involved in atherosclerosis.[24](#jah32318-bib-0024){ref-type="ref"} Consequently, it may be easier to demonstrate elevated hsCRP levels before accumulated subclinical coronary atherosclerosis is visible by imaging. In addition, cIMT has no zero values; therefore, it is easier to observe minimal changes at the lower ends of the scales.

This is the first large‐scale study of association between smoking and measures of subclinical CVD injury in the understudied Latin American and Caribbean population, which has a prevalence of smoking similar to that in the United States.[3](#jah32318-bib-0003){ref-type="ref"} This study is unique, given the social and ethnic diversity of the ELSA‐Brasil cohort, which includes middle‐ to high‐income participants from 6 major Brazilian cities. The large sample size of ELSA‐Brasil allowed assessment of effect modification by age, sex, race, and education for the associations of the smoking exposure variables with each of the outcomes.

This study has also limitations. This was a cross‐sectional study at baseline, so causal relations and the temporality of smoking exposure and outcomes could not be ascertained. Similarly, lower levels of markers of inflammation and atherosclerosis with increasing time since quitting does not mean that they were reduced over time; therefore, "reduction" of these markers can potentially be explained by smoking cessation among former smokers prior to increases in levels of these markers. The self‐report method for collecting data related to smoking status, burden, intensity, and secondhand smoking, although consistent with previous cohort studies, may have introduced potential misclassification. A previous MESA analysis showed that 1.2% of participants who identified themselves as never or former smokers had high cotinine levels and thus were classified as current smokers.[43](#jah32318-bib-0043){ref-type="ref"} This misclassification, however, is likely to be nondifferential and would have only attenuated the associations toward the null. Classification may have been improved with an objective measure of smoking like urinary cotinine, which was not measured at baseline. In future ELSA‐Brasil examinations, measuring cotinine levels may help validate self‐reported smoking status among this Latin American population as well. Overall, cIMT and CAC were measured for ≈70% and 30% of participants, respectively, for budgetary reasons and not patient characteristics; therefore, it is unlikely that this approach caused any biases in results.

In conclusion, in Brazilian men and women who are free of known CVD, tobacco smoking is associated with higher levels of the inflammatory biomarker hsCRP and worse measures of subclinical atherosclerosis. The magnitude of the results is consistent with that reported in MESA---a multiethnic cohort from the United States. The marker hsCRP was the only one in our study that changed following secondhand exposure---supportive of its utility as a sensitive monitoring test. According to the FDA new tobacco Deeming Rule, it is important to evaluate the safety of all tobacco products including ENDS. This study has distinct regulatory implications and adds to a growing body of data indicating that hsCRP and measures of subclinical atherosclerosis are robust candidate markers for the potential CVD toxicity of new and traditional tobacco products. Although our results provide explanations for the association between traditional smoking and CVD, they may be used for the regulation of novel tobacco products, such as electronic cigarettes, the prevalence of which is rising remarkably in the United States.[22](#jah32318-bib-0022){ref-type="ref"} Further studies may similarly lend insight into potential vascular harms of new tobacco products decades before clinical event studies.
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**Table S6.** Baseline Mean Absolute Difference (95% Confidence Interval) in Levels of Biomarkers of Cardiovascular Injury (High‐Sensitivity C‐Reactive Protein and Carotid Intima--Media Thickness) and Odds Ratios for Measures of Subclinical Atherosclerosis (Ankle‐Brachial Index \<1.0 and Coronary Artery Calcium \>0) by Secondhand Smoking Status

**Table S7.** Baseline Relative Risk Ratios (RRR) With 95% Confidence Intervals (CI) for Categories of Coronary Artery Calcium (CAC) Using Multinomial Logistic Regression Models Among 4278 Participants in ELSA‐Brasil
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